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PROST ffKTrr RFPAIR FARRir 

FIELD OF TNVlTNT^nN 

The present invention relates to a prosthetic repau- fabric and, more particularly, to an 
adhesion resistant, dual layer knitted fabric for use in soft tissue repair and reconstruction. 

BACKflRnTTT>Tn THF TNVF,iyi 7^]s ^ 
Various prosthetic repair materials have been proposed for mending inguinal hernias and 
for reconstructing the abdominal and chest wall. MARLEX mesh, a smgle bar warp knit, dual 
course Atlas polypropylene monofilament fabric, is exemplary of an unplant material that has 
been successfiiUy used m soft tissue reinforcement and defect closure. 

A concern had been raised that MARLEX mesh may form postoperative adhesions with 
the abdominal viscera, such as the intestines, when used in the repair of inguinal hernias and 
other abdominal wall defects. SimUarly. there was a suggestion that intra-thoracic viscera (i.e. 
heart and lungs) could adhere to the porous prosthetic repair material after chest wall 
reconstruction. To aUeviate these concerns, it had been proposed in U.S. Patent No. 5,593,441, 
assigned to C.R. Bard. hic. also the assignee of the present appUcation, to cover the MARLEX 
fabric (or other tissue infiltratable material) with an adhesion resistant barrier, such as a sheet of 
expanded PTFE. The composite prosthesis is surgically placed so that the barrier isolates the 
sensitive viscera fiom the porous fabric, preventing the formation of postoperative adhesions. 

One method of forming the composite is to laminate the mesh and adhesion resistant 
cover together. Preliminary investigation, however, suggests that firsmg a sheet of MARLEX to 
a barrier layer of ePTFE may detrimentally affect the tissue mfiltratability of the prosthesis. 
With one surfece of the porous fabric covered by the ePTFE, the ingrowing tissue may be unable 
to completely incorporate the mesL 

Accordingly, there is a need for an unproved laminate prosthesis for the repair of tissue or 
muscle waU defects that exhibits acceptable tissue ingrowth properties. 

SUMMARY OF THF TNVirNTi^]y 
The present invention is a prostiietic repair fabric for reinforcing or repairing a damaged 
muscle or tissue wall and includes a first sheet of porous and tissue infiltratable material, an 
adhesion resistant, microporous barrier sheet for isolating the first sheet from sensitive tissue and 
organs after implantation, and a second sheet that is united with the porous and tissue 
infiltratable first sheet and which also is fiised to the barrier sheet to form a laminate composite 
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construction. Preferably, the second sheet also is porous and tissue infdtratable and at least a 
surface portion of the lower melting temperature porous second sheet melts during lamination 
and flows into the microporous structure of the adhesion resistant covering, encapsulating the 
void network of the barrier upon solidification to form a strong mechanical fixation between the 
two materials. Degradation of physical properties of the composite implant is avoided since only 
one of the fabric sheets, the fabric panel adjacent the barrier, is melted during assembly of the 
prosthesis, allowing the other porous panel to retain its fiill tissue ingrowth potential and 
strength. 

In one embodiment, the laminate includes two united sheets of waip knitted 
polypropylene monofilament, preferably having a 2 course Atlas pattern, that are bonded to a 
sheet of submicron porous expanded PTFE. The two tissue ingrowth panels may be 
simultaneously knitted on a double needle bed machine and then joined together by intermittent 
or continuous machine direction, but lateraUy spaced, stitches. Where the stitches are 
intermittent, the comiecting yam may be laid in between the fabric panels. Preferably, the sheets 
are knitted together as the panels are formed on the knitting machine. Alternatively, the dual 
layers may be tacked together after the fabric panels have been removed from the knitting device. 
The dual layer, porous polypropylene fabric is laminated to the sheet of expanded PTFE by a 
combination of heat and pressure. The top mesh layer becomes fused to the expanded PTFE 
Avhile the lower mesh layer, which is not melted, retains its shape and physical characteristics. 

Another important embodiment of the mvention involves a method of limiting the 
incidence of postoperative adhesions arising fiom the impair of an opening in a tissue or muscle 
vmll. The method includes the steps of providing a composite prosthesis including first and 
second sheets of tissue infiltratable febric and an adhesion resistant barrier sheet that is fused to 
the first fabric sheet, and then positioning the composite prosthesis with the second tissue 
infiltmtable fabric sheet filling or covering, thereby occludmg, the tissue or muscle wall opening 
and with the barrier sheet facing away fiom the tissue or muscle wall opening and extending 
between a region of potential po stoperative adhesion and the porous febric sheets. TTie method 
has particular applicability in th«^^@|^^d in the reconstruction of the chest 
wall. 

In another important embodiment, a dual layer implantable fabric is provided including a 
pair of warp knit sheets having interstices constructed and arranged for tissue ingrowth so that 
the fabric becomes secured in place after implantation, wherein the two sheets are united by 
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intennittent stitches of a connecting yam that is laid m between the btennittent stitches 

It IS a general object of the invention to provide a laminated adhesion resistant, composite 
prosthesis. 

other objects and features of the present invention will become apparent from the 

fplbwingdetdled description when taken in connection with theaccomp^^^^ 

to be understood that the drawings are designed for thepurposeofillustration only and are no^ 
mtended as a definition of the limits of the invention. 

The foregoing and other objects and advantages of the invention will be appreciated more 

fuUy from the following drawings in which: 

Fig. 1 isanillustiationoftwoknittedlayersandePTFEcoveringofaprostheticrepair 
fabnc according to the present invention; and 



fabric. 



Fig. 2 is a chain lapping pattern for a preferred embodiment of the prosthetic repau- 



PEgCRTPTTON OF THF. PPFinri^ ff fMnnnmm ^ ^ 
me present invention. iUustrated in Fig. 1 . is a prosthetic repair fabric 1 0 for reinforcing 
^^o^^^^fects. and isparticularly indicated for chest waU reconstruction and the 
^^^W^^m The implant febric is fonned of a biologically compatible, flexible and 
strong miplantable material. The porous character of the fabric allows tissue infUtration to 

mcoxporate the prosthetic after implantation. The fabric is sufficiendy strong to preve^^ 
of anchoring sutures, if utilized during the surgical procedure. Th. flexible fabric may be 
collapsed into a slender configuration, such as a roll, which can be supported in, and advanced 

through, a narrow laparoscopic cannula 

When knitted from polypropylene monofilament yams, the porous prosthetic impair fabric 
allows a prompt fibroblastic response through the mterstices of the material, fomung a secure 
fibrous/prosthetic layer. The polypropylene monofilament fabric is inert in the presence of 
infection, non-wettable and has a low foreign body reaction. Other biologically compatible 
synthetic and natural fabrics which are suitable for tissue reinforcement and defect closure 
whether fomied of monofilament or multifilament yams, also are contemplated for applicltion 
in the dual layer fabric including, without limitation, PROLENE. SOFT TISSUE PATCH 
(porous ePTFE). SURGIPRO, TRELEX, ATRIUM and MERSELENE 
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Each panel 12. 14 of the dual layer fabric preferably has a warp knit single bar. two 
course Atlas construction, such as is employed in MARLEX mesh. Other knit patterns that are 
suitable for mending soft tissue defects and for chest and abdominal wall reconstruction also may 
be employed. In the iUustmtive embodiment, both the fust and second panels are porous and the 
same knit pattern is employed for both panels. However, the invention contemplates arranging 
the first and second sheets with different knit pattems. Where the knitted panels have the same 
construction, the sheets are preferably arranged in mirror image relationship relative to one 
another; that is, the orientation of the panels is reversed so that the fiont face of each panel is 
exposed outwardly while the back feces are internally opposed relative to one another. Hie two 
sheets also may be joined together with the first and second panels arranged in the same 
orientation so that a front face is exposed on the first panel, a back face exposed on the second 
panel, and back and front faces of the respective sheets opposing each other internally. 

The febric sheets are united together and, preferably, the points of attachment are 
arranged in the machine direction with lateral spacing between columns of connectmg stitches. 
Stitch spacing ensures physical separation of the opposed panels between the points of 
attachment. The distance bet ween columns of comiecting stitches may by selected to minimize 
the size of unconnected layers^^ 

'SBIRBl ^ especiaUy preferred spacing is 0.125 inches. Preferably, intermittent chahT 
stitches are employed with the comiecting yam then laid in untU die uniting pattern is repeated. 
The laid-in construction retains the comiecting yam completely within the fabric. Although an 
intermittent chain stitch is preferred, a continuous chain stitch also may be employed. Other 
stitching arrangements for joining the panels together also are contemplated as would be 
apparent to one of skill in the art. Other mechanisms for comiecting two layers of fabric, such as 
tacking, staplmg. heat bonding, chemical bonding, to name but a few, also are within tiie scope 
of the invention so long as the rendered febric provides the desired performance characteristics. 

The dual layer fabric is covered with a barrier material 16 that does not substantially 
stimulate adhesion formation when implanted in tissue. The barrier isolates the porous fabric 
from sensitive tissues and organs tiiat may come in contact with tiie prosthesis, limiting the 
incidence of postoperative adhesions. The barrier sheet may be formed of expanded 
polyt|trafluoroethylene (ePTFE) having a fine pore size that discourages tissue ingrowth and 
viscera adhesion. A representative and non-limiting sampling of other suitable barrier materials 
includes silicone elastomer and microporous polypropylene. Autogenous, heterogenous and 
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xenogeneic tissue also are contemplated including, for example, pericardium and small intestine 
submucosa. 



Because the composite includes a first knit sheet and then a second sheet, rather than a" 
single knit layer, the barrier material may be fused to the second sheet without degrading tiie 
physical characteristics of the first knit panel. Consequently, the unfused layer will remain 
mechanically strong after formation of the composite and, smce the interstices in the unfused 
layer remain open, tissue ingrowth should not be adversely affected. In a preferred embodiment, 
the barrier and the knitted fabric are fused at substantially all pomts of contact, even though one 
or both connecting surfaces may be uneven and irregular. Such complete bonding prevents peel 
back of the barrier sheet after implantation which, otherwise, could lead to postoperative 
adhesions. Although it is preferred to employ a pair of knit sheets as the two components of the 
dual layer fabric, a non-porous second sheet may altematively be employed to fuse a first tissue 
infiltmtable sheet to the barrier. 

A representative procedure for forming a dual layer fabric according to the present 
invention will now be described. In this example, both panels are porous and have a 2 course 
Atlas construction (MARLEX mesh). The fabric is warp knitted from 0.006 mch diameter 
polypropylene monofilament on a fully threaded, double needle bar machine (Kiddie DEM 
Rachel), stitching on every needle and traversing across three needles. Fabric parameters, such 
as quality, stretch, and yam size may vary depending upon the application. The panels are knit 
simultaneously but mdependently, with the first panel being knit on the firont needle bed and the 
second panel being knit on the second needle bed. Connecting stitches, such as one or more 
chain stitches, are intermittently knit needle bed to needle bed in a predetermmed spacmg 
pattern, uniting the separately knitted sheets together. The connecting yam is then laid-in 
between the firont and back panels until the chain stitch pattern repeats itself In the chain pattern 
illustrated in Fig. 1, every tiiird guide (one in two out) is tiireaded with the connecting yam and 
the pair of chain stitches are spaced every 15 courses. A selvedge edge on each side of the warp 
knit fabric is provided by continuoiisly chain stitching bed to bed the outermost two needles of 
each machine edge of the fabric. The guide pattern for the two course Atlas construction 
illustrated m Fig. 2 is 2-0 2-4 4-6 4-2, vnth a dwell pattern on flie opposite needle bed of 2-2 4-4 
4-42-2, The chain stitch guide pattern and the selvedge guide pattern are 0-2 2-0. Other 
selvedge and coimecting stitch patterns and spacing may be employed as would be apparent to 
one of skill in the art. 
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A barrier sheet of ePTFE may be laminated or fused to one of the two knit panels by the 
combination of heat and pressure, forming an adhesion resistant composite unplant. The warp 
knit dual layer fabric is placed on a depressurized air bladder and then is covered by the ePTFE 
sheet. A steel platen, pre-heated to 350-400°F, is applied against the ePTFE sheet at the same 
time the bladder is pressurized between 2-10 psi for a brief period of time (1-8 seconds). The 
inflated bladder subjects the varyingly thick, or irregularly contoured, double panel fabric to a 
uniform pressure distribution. At least a surface portion of the top knit panel melts and becomes 
encapsulated in the submicron porous network of the expanded PTFE sheet, mechanically fixing 
the dual layer febric and the barrier cover. The lower knit layer does not thermally degrade ■ 
during the lamination process. 

The composite implant which is rendered includes a partially transformed or remelted 
first knit layer firmly attached to an ePTFE barrier sheet and an essentially unchanged second 
knit layer with superior strength and tissue ingrowth capability. The waip knit dual layer, 
polypropylene monofUament mesh fabric has a thickness of approximately 0.060 inches. The 
ePTFE sheet has a thickness of approximately 0.0035 inches. The overall thickness of the 
implant is approximately 0.0635 inches. 

EXAMPLES 

The following examples are illustrative only and are not intended to limit the scope of the 
present invention. 

Physical and performance characteristics were tested including pore size, surface 
roughness, suture retention strength, and burst strength. Testing methodology and results appear 
below. In vivo testing protocol and observations also follow. 

Eore^izs: A Digital Instruments Nanoscope HI with a Stand Alone Atomic Force 
Microscope (AFM) was used in tapping mode to analyze the samples. A silicon probe with a 1 0 
micron probe tip height, 40 degree apex angle, and a tip radius of about 50 Angstroms was used. 
Resolution was about 1 nanometer. A 10 x 10 micron area on each sample was scanned. 
Composite samples were scanned on and off bond sites. Micrographs showing surface 
topography were obtained for each sample. After the scan was obtained a computer analysis 
(Grain Size Analysis) was done in which the image was inverted, the height threshold was set, 
and the average grain size was calculated. A height threshold value of 0.160 microns was 
determmed previously and used for aU materials. The height threshold estabUshed the depth of 
penetration into the material surface. The average grain size area was converted to the equivalent 
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round pore diameter in microns by Area=^i my wl^ere d=diameter. All pores within the 10 

nucron scan were analj^dand the number ofpo^scompri^^ 

100 for each sample. 

SlKfissisilBta: The same 10 micron scan obtained for to pore size analysis was 
analyzed for snAce ..nginess. The compnte, calculated fl,c mean roughness (Ra) in microns 
for the 10 micron scan using the following formula: 



Ra=(1/L^Lp;;7„'' \f(x.y) \dxdy 

where Lx and Ly are dimensions on the surface and f(x,y) is the surface relative to the center 
plane. The center plane is a flat plane which intellects the surface such that the surface data 
bounded by the surface has an equal volume above and below that flat plane. 

Swturg Retention ^ frr n t Jth : A suture of size 3-0 or greater was placed 3-1 mm from the 

edge ofthe sample usingasmdl needle. TT.e sample was clamped in the lower jaw and the fre^ 
ends of the looped suture were clamped in the upper jaw of a tensUe testing machine (MTS 
Corp.) The suture was pulled out of the sample at a rate of 5" per minute wdth an initial jaw 
separation of 2.0--2.5". TT^e peak fon^ required to pull out the suture was recorded Tl.e 
composite prosthesis was tested in two perpendicular directions and the direction of^ 

strengthwasreported. The GORE-TEX sample was tested in one direction since it has no 
directionality. 

BHrslStength: A 3" diameter circular piece of material was clamped in the fixture of a 
standard MuUen Burst tester. HydrauUc pressure was slowly increased causing a rubber 

chaphragm to inflate and burstthe sample. TlrepeakpressureCpsi) required to burst t^^ 
was recorded, 

fa-ViyoT e. ^ng : Fifteen 6-month old male Yucatan micro-pigs were randomly assigned 
to 3 groups of 5 each (28, 84. and 168 day implant groups). 6 hernia repair mesh patches of 
approximately 4cm x 5cm in size (2 composite prostheses. 2 GORE-TEX, and 2 MARLEX 

rnesh) were surgically implanted in each animal. TlierewerelOpatches of each material at each 
tmie pomt. Tkc patches were used to repair 6 full-thickness abdominal wall defects arranged in 
two para-lmnbar rows on either side of the midlme. The materials were assigned to sites 
following a rotating sequence. A 20 cm long incision was made down to the peritoneum 
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u™ ei«,e. side .f^ _ 

*es«. 7teproc«.„,c„a.«pea«<i on fteoaersidcofa,.^^. Five aoi^ were 
^fieeda.eachof28.S4,and>63da^. A„ya<fce.i.«s.^eperi.„eaIcavi„.deof«,e , 

v^,,deo,«.epa.hes™3,„aH,a«ve.yde.e„ntaed..disseefl„„a„d^^^ 
for tenacity as described above. 



Table 1 Summary of Bench Data (mean±l 



standard deviation) 



20 ePTFE 
Siuface 
Pore Size 
(microns) 
(n=8) 

25 

ePTFE 
Surface 
Roughness 
(microns) 
30 (n=8) 

Suture 
Retention 
Strength 
35 (lbs) 
(n=17) 

Burst 
Strength 
40 (psi) 

(n=17) 



Composite 
On Bond OffBond 



0.74±0.30 0.87±0.49 



Gore-Tex 



0.19±0.05 



Marlex 



Not Tested 



0.18±0.03 0.20±0.04 



0.07±0.02 



Not Tested 



5.9±1.7 



9.2±1.6 



5.3±0,8 



I91±9 



204±24 



162±10 
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Table 2. Summary of In vivo Data: Percent of Patch Area Covered with 
Adhesions (mean ± 1 standard deviation) 



10 



Intestinal 
Adhesions 



Omental 
15 Adhesions 
27.1 ±34.5 



28 Day Implants 
Composite Gore-Tex 



84 Day Implants 
Marlex Composite Gore-Tex Marlex 



2.7±6.7 9,8±21.1 14.8±18.8 0.0±0.0 O.OiO.O 5.1^15.3 
46.6±49.3 40.2±44.4 38.6±45.8 28.1±36.8 4.7±10.9 



™g 3, yjuniniarv of In vivo Data: Percent P a tches witT. AHt^ ^c^^^c 



25 



28 Day Implants 
Comp Gore Marlex 

n=10 



Intestinal 
Adhesions 20 

Omental 
30 Adhesions 60 



20 



60 



50 



60 



84 Day Implants 
Comp Gore Marlex 

n=10 



20 



50 



20 



60 



35 



Pooled Data 
Comp Gore 
n=20 



Marlex 



Intestinal 
Adhesions 10 

40 Omental 

Adhesions 55 



10 



40 



35 



60 



It should be understood that the foregoing description of the invention is intended merely 
45 to be illustrative thereof and that other embodiments, modifications, and equivalents of the 
invention are within the scope of the invention recited in the claims appended hereto. 
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£LAIMS 

1 . A prosthetic repair fabric, comprising: 

a dual layer, biologically implantable fabric including a first porous knit sheet with 
interstices constructed and arranged for tissue infiltration and which is susceptible to the 
5 formation of adhesions with sensitive tissue and organs and a second sheet that is joined directly 
to said first sheet, wherein said first porous knit sheet has a single bar warp knit, dual course 
Atlas construction; and 

a barrier sheet that is resistant to the formation of adhesions with sensitive tissue and 
organs and which is overlayed and in contact at a plurahty of points with said second sheet, 
10 wherein at least a surface portion of said second sheet is fiised to said barrier without occluding 
the interstices in said first sheet so as not to adversely affect tissue ingrowth thereto. 

2. The prosthetic repair fabric recited in claim 1 wherein said second sheet is 

porous. 

15 

3. The prosthetic repair fabric recited in claim 2 wherein said porous second sheet 
has a single bar warp knit, dual course Atlas constructioiL 



4. The prosthetic repair fabric recited in claim 1 wherein said first porous knit sheet 
20 is formed fix»m polypropylene. 

5. The prosthetic repair fabric recited in claim 4 wherein said second sheet is 
formed fi^om polypropylene. 

25 6. The prosthetic repair fabric recited in claim 1 wherein said barrier sheet is 

formed firom ePTFE. 

7. The prosthetic repair fabric of claim 1 wherein at least a lower portion of said 
second sheet also includes interstices constructed and arranged for tissue infiltration, wherein 
30 said lower portion interstices are not occluded by fiision of said at least surface portion to said 
barrier sheet so as not to adversely affect tissue ingrowth thereto. 
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8. The prosthetic repair fabric of claim 1 wherein said second sheet and said barrier 
are fused together at all of said plurality of pomts of contact therebetween. 



9. The prosthetic repair fabric of claim 1 wherein said first and second sheets 
joined by a plurality of points of attachment therebetween and said first and second sheets 
phyically separable between said plurality of pomts of attachment. 



are 
are 



10. The prosthetic repair fabric of claim 3 wherein said said first sheet has a front 
and a back, said second sheet has a front and a back, and said first and second sheets are joined 
so that said front of said first and second sheets is exposed outwardly and said back of said first 
and second sheets are opposed internally. 

11. A prosthetic repair fabric, comprising: 

a biologically implantable febric including a first porous sheet with interstices 
constructed and arranged for tissue mfiltration and which is susceptible to the formation of 
adhesions with sensitive tissue and organs and a second sheet that is joined to said first sheet; 
and 

a barrier sheet that is resistant to the formation of adhesions with sensitive tissue and 
organs and which is overlayed and in contact at a plurality of points with said second sheet, 
wherem at least a surface portion of said second sheet is fiised to said barrier at all of said 
plurality of points of contact without occluding the mterstices m said first sheet so as not to 
adversely affect tissue ingrowth thereto. 

12. The prosthetic repair fabric recited in claim 1 1 wherein said second sheet is 

porous. 

13. The prosthetic repair febric recited in claim 12 wherein at least one of said firet 
and second porous sheets has a smgle bar warp knit, dual course Atlas construction. 

14. The prosthetic repair fabric recited in claim 13 wherein both of said first and 
second porous sheets has a single bar warp knit, dual course Atlas construction. 
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15. The prosthetic repair fabric recited in claim 1 1 wherein at least one of said first 
porous sheet and said second sheet is formed of polypropylene. 

16. The prosthetic repair fabric recited in claim 1 1 wherein said barrier sheet is 
formed ofePTFE, 

17. A prosthetic repair fabric, comprising: 

at least two separate sheets of biologically implantable, warp knitted fabric having 
interstices that are constructed for tissue ingrowth so that said fabric becomes secured in place 
after implantation, said two separate sheets being cormected by intermittent stitches of a 
connecting yam that is laid in between said intermittent stitches. 

1 8 . The prosthetic repair fabric recited in claim 1 7 wherein at least one of said at 
least two separate sheets has a single bar warp knit, dual course Atlas construction. 

19. The prosthetic repair fabric recited in claim 1 8 wherein both of said two separate 
sheets have a single bar warp knit, dual course Atlas construction. 

20. The prosthetic repair fabric recited in claim 17 wherein said intermittent stitches 
are chain stitches. 

21 . The prosthetic repair fabric recited in claim 17 further including a barrier sheet 
that is resistant to the formation of adhesions with sensitive tissue and organs, said barrier sheet 
being attached to one of said at least two separate sheets of biologically implantable, warp 
knitted fabric. 

22. A method of limiting the incidence of postoperative adhesions arising fi:om the 
repair of an opening in a tissue or muscle wall, wherein the opening is located near a region of 
potential postoperative adhesions, comprising the steps of: 

providing a composite prosthesis including a first sheet is tissue infiltratable, a second 
sheet, and an adhesion resistant barrier sheet that is fiised to the second sheet; and 
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positioning the composite prosthesis with the first sheet that is tissue infiltratable filling 
covering, thereby occluding, the tissue or muscle wall opening and with the barrier sheet 
facmg away fi-om the tissue or muscle waU opening and extending between a region of potential 
postoperative adhesion and the first sheet. 
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